
Mode of action of endogenous opiate peptides 
Asm~cuhninationofaaca&for~us&andsof 
the opiate rcicysd-*, Ihe StrWtWsofluo~ieiaad 
pzntaptqtides, isolated from pox&k-brain, wkh morph&- 
likeprope~esin~~~?lavabeal~ 
by Hughes et uf..The mnino a& -oftheP- 
tapqddes, tamed methionine enke and lcucine 
enkcph&n, arc Tyr-C3ly-Oly-PhcMet~ (Met’-e&ep&lin) 
and Tyr-Gly-Gly-Phe-Leu (Leu’-enkepklia), nspeotIveb. 
TheYbehaveashighlypotmtopiate8inthemowevas 
deferens and &nca pig UeMl ass&. In e&Won, animala 

tion.Arektedpqstide,withkqerchainlcat#@haa$een 

fObWWlX~~qCW~,to~ 
cyclkAMPaccumulatigniaiar;rcrhyWdcellP’andh~ 
brain homogenatesa’. We have4csted Ure~cffcc&a of SW- and 
Leu’cnkephaUn on NC310845 adeny&& cyckrr acdviiy, 
andshowherc~tertdogenous~q@da+repotu&, 
rcccptor-medla~ inllii of adenylate cydasi dnettm 
bhutomaxglloma hybrid cella 

NGIOS-15 hybrid cells were derived (unmbliskd results 
ofB.Hamprecht,T.AuumoandM.N.)byfusionofmouse 
ncurobladoma clone N1STX3-2s w&b r#t @ma clone 
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C6BU-1”. NGlo&15 cells ge&rate a&ion potentials on 
elect- or chemical stimulation, synthesise acetylcholine 
(unpublished results of B. Hamprecht, T. Amano and 
MN.), and form synapses with &r&ted muscle cells”. They 
are richly endowed with opiate receptois”. 

The relationship between Met’+nkephalin, Leu’- 
enkephalhi, and morphine concentrations end basal or 
prostaglandin EI @GE&stimulated NGlOg-15 adenylate 
cychse activities are shown in Fig. la and 6, respeotively. 
The concentrations rec&ed for hati-maximal inhibition of 
.busal adcnylate cyclase are 12, 40 and 1,5OOnM, respec- 
tively, and 20, 120 and 1,500 nM for PGE&mulated 
activity. Therefore, MeV+nkephalin and Leu’enkephalin 
are approximately 100 and 25 times more potent than 
morphine as hthibitors of adenylate cyclase activity. The 
activities of Met’- and Leu‘uikephalin as inhibitors of 
adenylate cyclase are approx!ianately equal to theii activities 
as inhiitors of ekctrically evoked contractions of mouse 
vas deferens smooth muscle and are five times gttater than 
their activities in a similar assay with guinea pig ileum’. 
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1 Basal and PGE&nu~lated aden 

N 1~I-5 v as a function o I 
late cyclase activity of 
concentration of Me& 

cnkephatii co), &u%Ikep~in (0) or morphine (A). Re- 
action mixtureb mn%ua~bated for 5 min at 37 Oc with 97 pg of 
w piotein r tube. Dtbcr cot&i&s pn described in 
Table: I. l&4&&&l’ m was synthesised by the rapid solid- 
phnis pmeedu- of coticy et 0l.u. The pcptide product ( 
mately 80% purr) wss purilied by high-pressure liquid c 

proxi- 
7-i roma- 

Msraphy using a reversed 
.ktUd and an acCtonitriie. tf 

base system (Corasil,Waters Associ- 
.I-M accte acid gradlent J&&&c- 

phalin, a synthetic produ&gygy ft of Drs R. Slmantov and 
. . y&I. 

The effectiveness of Mets-en~lin (1.6x lo-’ M) as an 
i&&&or of adenylate cyclase decreases during incubation 
(Pi. 2); and is lost after approximately 20 min. The degree 
of inhibitkm by morphine (2 X lo-’ M) also decreases during 
incubation, but to a lesser extent. Further +ork is needed 
.lo .determine whether Md-enkephalin and morphine are 
&o&a&d iiuring incubation .or whether an activator of 
adenylate cy+ is‘ Pow. 

Thaeikt of naloxope, an opiate antagonist which com- 
peti&vely inhiwts narcotic binding to the opiate receptor, 
on MetQnkephalin & morphtie&pendent ~mhibitions of 
adenyl+te oyclar are shown in Fig. 3a and b, rqecthdy 
Different. ;conCmtrations .of naloxone were used in the 
presence of 10”. lo-’ or lOa’ M Met’cnkephalin or in its 
aluence; Ndoxone comfle&?ly reverses the inhibition of 
adpnylate cy&se by each concentration of Met‘cnkephalin 
tested. As exnected for comoetitive interactions at a sinale 

lbbk 1 Effect.of Me&nkephalii and morphine on adsnyiate 
activity in homopna~&~~~as&maxglioma h a 

&II line 

Additions 
--__ --- 

Hybrid Ne\yE2ma Glioma 
NGlOW5 - C%BlJ-I 
pm01 cyclic AMP per min per mg protein 

Rcactionswve stopped with 1 mlof5%trichloroa&cacidamtaining 
I rnh+ATP and I mM cyclic AMP. rrP-cye& AMP and %+y& 
AMP (for recovery) wen counted after puri&tion as described by 
salomoIl et 01.“. cell Iii grmtb eonditiona end the ad8nyiatc 
cyclaseassa~methodhavebecndaerll previously(refs14and I5 
and un 
WJ 

bbsbed results of B. Hampnzht, T. Amam and M. N.). 
eclls, suspended in 0.32 M maerose, 0.01 M Tris-HCI a! pH 

7.5 were atom3 at -80 “C before use. 

site, the amount of naloxone required to revere the actions 
of Mot’-enkeplaalia or morphine is a fun&ion of the aB%nity 
of the receptor for the ligands and their concentrations. The 
dissociation constant of naloxone, K., caku&tcd~ from the 
data in Fig. 34 and b is 3 x lo-’ M for rev4 of Met’- 
enkephalin inhibition and 2~ lO-’ for reversal of morphine 
inhibition (see legend to Fig. 3). The.se values agree well 
with the dissociation constant of naloxone of 2X 10-‘ M 
previously determined by dir& measurement of the binding 
of ‘H-naloxone to the opiate receptor of the hybrid cell?‘. 

As Table 1 shows, Mot’-enkephalin and morphine inhibit 
adenylate cyclase in homogenates prepared from NGlOg-15 
hybrid cells, ibut not adenylate cyclase of the glioma parent, 
C6BU-1. which lacks narcotic recaptom, or the neuro- 
blastoma parent, .N18TG2, which has fewer narco& 

Fig. 2 Time couwt of cyclic AMP formation by NOlOg 
ho~natcs (97 w per protein per tube) in the m of 
2x IO+ M morpbins (0). 1.6x lo-’ M Mct‘-cn~in (O), 
or in the absence of added inbibitom (A). Assay &nditions 

we=asforTabla I. 

Time (min) - 
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receptors than NGlO&15 hybrid celkF*’ These -, 
together with the naloxone reversal of enkephalin inhiiition, 
show that horh opiate receptors and enkephalin are required 
for the inhibition of adenylate cyclase activity. 

The apparent inhibition constants for adenylate cyclase 
of Met’- and Leu’enkephahns as well as morphine and 
some peptides which are fragments of enkephalin are sum- 
marised in Table 2. The KI for MeCenkephalin is 12-u) I&¶. 
Leucine cnkoplmkn is three to six &imea leas active an in- 
hibitor than Mct’-enkephalin and the enkepbahn fragments 
tested abad bttle or no effect on adenylate cyclase actdvity. 
In other experhe~M~, not shown here, the di-and tripeptides 
did not entagonise morphinedependent *II of 
a&&&e cyclase. Met”- and Leu’-cnkephahns are somewhat 
more potent inhibitors of basal, than PGSstimu&ed 
adenylate cyclase. Morphine usually bebavee sia&riy, 
although not Jn .the experiment shown here. These obsorva- 
.tions show that opiate and PGE, receptors are functionutly 
coupled either by aosteric .intiractions or by competition 
for the same site on the enzyme. 

30 
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Fig. 3 u, relationship between naloxone concentration and the 
reed of adenylate @pse inhibition by 0.01 (A), 0.1 (0). or 
1 PM (0) Met%nk#udin. Also shown is the relationship 
batweeo naloxone concentration and adenylate cyelase in the 
absence of MeP-enkephalin (0). Assays were for 5 min with 
87 w of homogenate protein per tube. 6. a similar experiment 
without morphine (O), or with I PM morphine (0); or 100 @I 

assay conditions on 

times lower. This concentration of naloxone is. by the dosaratio 
mcthod*a. equal to 99 times K.. 

Our expenimcnts show *at endogenous opiak peptides 
can be assayed spidly by determining the opiatepeptide- 
dependent inhibition of adenylatc cyclase which is reversed 
by naloxone. The range of the assay is 0.2-S.Opmol of 
Met’ enkephalin per 100~1 of reaction mixture OT 
0.1-2.5 pm01 per SO 1 of reaction mixture. Thus, we 
have found, in collab0ratkm with Goldstein and Cox, that 
a peptidt which has been purified extensively from pituitary 
tissud’ and has a higher molecular weight than enkephalin 
is a potent inhibitor of both basal and PG&stimulated 
adenylatc eyclasc of NGlOS15 cells. Bnkephalin antagonists 
canbeassayedinasimiimam+ 

ofTable 1. 
*Coneentcation of peptlde required for half-m&a~btbib&m 

of basal or.PGE, (lo-‘ M)stimulated a&&ate ~,.Myiimrl 
mhibition of SdenYlate cyclaie activity usuauy is 3o--6g’/, of&It@ 
sctivltvu. 
---.-7 - t!lhght activity at lo-% M (%20% inhibition of adenylate cy+e): 

#No inhibition at 10-l M. 

An important question, that can be studied with c&urea 
of NGlOg15 cells, is whet&r the endogenoua @ te 
peptides are addictive. As repotied pv”, NGi@45 
cells and perhaps animals aa well” cbnwdcally expoacd: po 
.morphine, become tolerant to and dependent on ihor#&te 
due ti &s dual action in inhibiting aden+ cycla6 ,and 
eliciting a gradual increase in adenylate cyolam &ti$ity 
which compensates for the inhibition. Bxperimenta are in 
lnqress to test svherhcr hybrid cells’ be&be ‘talerant ‘to 

may be on the same or on different .ceps. Th~.bapitivc &I 
negative responses could result in separate cells or a &gle 
cell from different peptides derived from a same pr+ 
cursor. 

The endogenous opiate peptides seem io be w 
mittea or hormones which am de&tied for n&rates with 
opiate receptors. The opi&e peptid- ccmplex is a 
potent inhibitor of adenylate cyclase aad thus the act&a- 
tions of adenylate cyolase by other ape&a of w 
mitters and hormones are suppressed. In e&et, #he:opfa& 
peptides act as pleiotmpic desensidsers of. many kinda of 
receptors which, in concert with the co-g ligwds, 
activate adenylate cyclase. Prokmged expogure to the opia@ 
peptides may lead to an increati Sn adenylate cyolaae ac- 
tivity as previously observed wit41 n+hine and,other 
narcotic+“. Thus, the opiate bptides may.’ re&iate ( jhe 
perception of. incom* rnes~es by ,Jl&u!Qm with .* 
receptors in both a negative and positive manner. 
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